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Abstract

Morphology-based identification of flesh flies (Family: Sarcophagidae) is normally limited to genus level due to their
high similarities in characteristics. Even though identification to species level is possible, expertise in taxonomy is still
needed; as sarcophagid female flies are extremely difficult to identify. In this study, a molecular approach was used to
examine the use of 712S & 16S ribosomal mitochondrial DNA (1172 bp) and Internal Transcribed Spacer (ITS) region of
nuclear DNA (~1500 bp) to discriminate four species of the subgenus Boettcherisca namely, Boettcherisca javanica, B.
peregrina, B. karnyi and B. highlandica. Neighbour-Joining phylogenetic tree was generated for each gene. Interspecific
values calculated using the Kimura-2-parameter distance model were in the low range of 0.5%-1.3% and 0.5%-1.9%
for 12S & 16SrDNA and ITS region respectively. However, identifications of B. karnyi and B. peregrina using ITS; and
B. peregrina using 12S & 16S alone can be ambiguous. Therefore phylogenetic tree analyses of both genes showed
a likely for these specimens to be distinguished and confirmed the potential of these genes as specific sarcophagid

identification markers.

Introduction

Flies have been widely used in crime scene investigation and legal
cases especially in the determination of the Post Mortem Interval (PMI)
[1]. Commonly reported flies from Calliphoridae, Sarcophagidae,
Stratiomyidae and Muscidae families are the early colonisers that can
be found on human corpse [2,3].

Flesh fly is a common name for the members of the Sarcophagidae
family. The larvae of some species have been recorded from human
corpses and the larvae of many species are associated with decaying or
rotten materials. The adult flies are usually attracted to odours of decay
or nectar [4]. In terms of life cycle, flesh fly is viviparous. They give
birth to larvae (maggots) near or on the food source as the eggs hatch
when they are expelled from the ovipositor. Because of their habit and
reproductive cycle, the Sarcophagids can be suitably and reliably used
to estimate the PMI [5].

However, to be able to use the information provided by the fly
collected from the crime scene, accurate identification of the fly is
the most crucial step in forensic entomology practice. Conventional
morphology-based identification of Sarcophagids is notoriously
difficult-especially for female flies. It is also difficult to identify the
immature stages and these usually have to be reared to the adult stage.
However, this step is risky because the maggot may not be able to
survive during the breeding process and it is time consuming.

Molecular taxonomy has been suggested as an alternative to
conventional morphology-based identification in forensic entomology
[6]. It has been a valuable alternative to the conventional method due
to its flexibility, accuracy and ease to conduct. In molecular approach,
rearing of the immature flies is no longer necessary because only a
minimal material of the fly (eggs, larvae, pupae or adults) is required. It
is also applicable to preserved fly specimens. Molecular analysis can be
performed by a trained laboratory worker, compared to conventional
method that requires expert taxonomist to identify the flies [7].

In molecular taxonomy, several DNA regions have been explored
to identify the forensically important flies. Mitochondrial DNA
(mtDNA) is the most common DNA region that is able to successfully
differentiate several species of the forensic flies. Because it is maternally

inherited, mtDNA is also suitable in resolving the relationships of
closely related species of some forensically important fly species [8-
11]. Most of the previous studies mainly focused on the cytochrome
oxidase subunit I & II (COI & COII) genes in molecular identification
of forensically important fly species [12, 13]. In this study, 12S & 16S
ribosomal DNA (12S rDNA& 16S rDNA) of the mitochondrial DNA
were selected for analysis, because these genes have been successfully
used to discriminate the species of Muscidae and Calliphoridae species
[14,15]. However, according to Wells & Steven (2008) [16] molecular
approach may not be accurate if relied only on one gene. Internal
Transcribed Spacer Region (ITS) has been used in several studies for
identification of forensic fly. This region has proven to be suitable for
phylogenetic studies at the species and intraspecific levels because of
the high evolutionary rates [8]. The utility of ITS region barcodes has
been explored for the identification of 29 fly species comprise of 3
families; Calliphoridae, Muscidae and Sarcophagidae [17]. Thus, this
study examines the possibility of both mitochondrial and nuclear DNA
to discriminate several closely related species of Sarcophagidae family,
subgenus Boettcherisca.

Materials and Methods
Specimens

Four species of Boettcherisca genus were collected from different
localities (Table 1). All samples were pinned at the thorax slightly to
the right and all legs were straightened down. The male genitalia was
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Accession number

No Species 12S/16S ITs ) Locality Voucher
rDNA gene region
1 B javanica | KF038379 Jx21g26g Dotanical Garden, g .,
Kuala Lumpur
2 | Bjavanica  KF038380 Botanical Garden, | g/,
Kuala Lumpur
3 | B.peregrina = KF038381 Botanical Garden, | gpq
Kuala Lumpur
. Gohtong Jaya,
4 Bperegiina | KFO38382  UX219270 o0 PR B BP4
5 | B. highlandica | KF038383 @ JX292016 | Gombak, Selangor = BH1
6 B. karnyi KF038384 Pantai Morib, BK1
Selangor
7 B. karnyi KF038385 = Jx292017 " antai Morib, BK3
Selangor

Table 1: Information on specimens used in this study with accession number
based on 12S & 16SrDNA gene and ITS region.

pulled out and fixed in position by using pieces of paper and examined
under the microscope. One or two legs from each fly were used for
molecular analysis.

DNA extraction

The legs of the flies were placed in a 1.5mL micro centrifuge tube
and snap frozen in liquid nitrogen. Subsequently the sample was
crushed into fine powder using a sterile mini pestle. DNA extraction
was carried out using QIAGEN" DNA extraction kit (QIAGEN',
Germany) following the manufacturer’s protocol provided. The DNA
samples were stored at -20°C (National’) until used.

PCR and cloning

PCR amplification was carried out in 25 pL reaction mixture
containing 100ng template DNA, 1 x buffer (Bio tools ™, Spain),
2mM MgCl2 (Bio tools’, Spain), 200uM of each dNTP, 20uM of each
primer, 1.0U Taq Polymerase (Bio tools’, Spain) and distilled water in
a sterile 0.2pL micro centrifuge tube. PCR was performed with a Peltier
Thermal Cylcer'100 or Peltier Thermal Cylcer 200 (M] Research™).

PCR amplification profile comprised an initial denaturation step at
94°C for 5 min, 35 cycles of 94°C f or 1 min, annealing temperature for 1
min 30 s, 72°C for 2 min 30 s and final elongation step at 72°C for 5 min.
Annealing temperature used for each primer was determined with the
PCR gradient temperature together with the primer sequences (Table
2). Target amplified regions were illustrated in Figure 1. Amplified
product was subjected to agarose gel electrophoresis and purified prior
to gene cloning and DNA sequencing. The purification was carried
out with QIAquick™ Gel Extraction by following the manufacturer’s
protocol provided. The purified gel extracted DNA product was
subjected to gel electrophoresis and cloned into a pGEM-T Easy Vector
Systems™ (Promega’, USA) following the manufacturer’s protocol.

Sequencing and DNA analysis

Sequence analyses were conducted by concatenating two contig
sequences (forward and reverse) using Chromas® software version 4.0.
All concatenated sequences obtained were subjected to run in Basic
Local Alignment Search Tool (BLAST®) retrieved from (http://blast.
ncbi.nlm.nih.gov/) available in the GenBank

Sequences showing high similarity were then aligned using Clustal
W program available in Molecular Evolutionary Genetics Analysis
(MEGA®) 5.1 software. Sequences were aligned according to the species
and DNA region to resolve any insertion, deletion or substitution of

the nucleotide. Nucleotide composition and sequence divergence were
then calculated using the same software.

Finally, neighbour-joining tree analysis was constructed and the
results of all DNA regions were compared. The tree was constructed
using Kimura-2-parameter model and bootstrap value of 1000
replicates. A sequence from Roselia notabilis species of Sarcophagidae
family was used as an outgroup to each DNA region analysed.

Result and Discussion

A total of 1173 bp of 12S & 16S rDNA region and approximately
~1500bp of ITS regions were obtained from all individual fly. All
sequences were submitted to GenBank (NCBI) (Table 2). No insertion
or deletion was detected from the 12§ ¢»16S rDNA gene sequences.
However, the amplification of ITS regions varied in length for each
species: Boettcherisca javanica (1540bp), Boettcherisca peregrina
(1551bp), Boettcherisca karnyi (1550bp), and Boettcherisca highlandica(
1558 bp). These findings showed consistency with previous data [7,8]
reported that PCR products amplified from ITS gene using the same
set of primer varied and ranged from 1.2kb to 1.5kb for forensic
flies species. On the other hand, the sizes of PCR product from the
same species were in the same length and supported the findings by
previous study [7] who stated that amplification of ITS region from
Ch. incisuralis with the same primer showed similar length, indicating
lesser intraspecific differences of ITS gene from these species.

Seven specimens of Boettcherisca subgenus and Roselia notabilis
as an outgroup were included in phylogenetic analyses for both DNA
regions. Two neighbour-joining trees were constructed based on
the12S¢+16S rDNA and ITS genes with the bootstrap value of 1000
replicate (Figures 2 and 3). Phylogenetic analysis performed based

DNA region Primer ID & sequences Annealing
temperature

mtD-33 forward

195 816SIDNA ~ ATGTTTTTGTTAAACAGGCG 60°C
mtD-12S reverse
- AAACTAGGATTAGATACCCTATTAT
18SF-1975 forward

ITS region |- TAACAAGGTTTCCGTAGGTG 62°C

28SR-52 reverse
- GTTAGTTTCTTTTCCTCCCCT

Table 2: Primer sequences and annealing temperatures used to amplify two
different DNA region.

- )

B.karny | tRNA | 128
mtD-33 forwarq mtDI-IZS reverse
' 1173 bp T
(a)
ITS-1 | 5.8S | ITS-2
E— PR
18SF- 28SR-52reverse
1. ]
~1500bp
(b)

Figure 1: Schematic representation of amplified (a) 72S & 76S segments of
mitochondrial DNA and (b) ITS regions. Locations of the primers and sizes of
the amplification fragments using different primer combinations are shown.
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on 128¢16S rDNA region showed that different branch was formed
with high bootstrap support for Boettcherisca javanica, Boettcherisca
karnyi and Boettcherisca highlandica. However, Boettcherisca peregrina
specimens were not grouped together in the same clade. BP8 specimen
was in the same clade with B. javanica species, whilst BP4 specimen
was with the same clade with B. karnyi with the support value of 60%
and 94% respectively. Even though this region was able to place B.
peregrina in the same group, monophyletic separation of other species
in the phylogenetic tree confirmed that this gene was an effective
genetic marker. Furthermore, pairwise distance values for interspecific
and intraspecific relationships were calculated (Table 3). The highest
and lowest pairwise distance value for the same species obtained were
1.1% and 0.3% for B. peregrina and B. karnyi respectively. The levels
of interspecific variations based on this gene ranged from 0.5%-1.3%
for BP4 & BK3 and BK4 & BK11, respectively. Maximum intraspecific
value obtained from this region is still in the ideal range of intraspecific
variation (<3%) [5]. However, the small range of the interspecific value
in this study could indicate that the specimens are very closely related
under the same subgenus.

Phylogenetic analysis tree based on ITS regions formed two single
clades with the support value of 91% (B. highlandica, B. peregrina and
B. karnyi) and 51% (B. javanica). Even though Boettcherisca karnyi
samples were not grouped together, they still formed a separate branch
from other species. The separation of B. highlandica (BH1) specimen
with high bootstrapped value (91%) showed that this gene was as
good as 12§ &16S rDNA gene to distinguish it from other species.
In the analysis of pairwise distance, there are minor differences of
intraspecific values from all species. The value ranged from 0.3% -
0.8% and was mainly due to pair of B. peregrina and pair of B. karnyi
specimens respectively. The small value was similar to the analysis
based on the 12§ & 16SrDNA gene because of closely related species.

B.javanica (BJ11)
B javanica (BJ12)
B.peregrina (BP8)
B.highlandica (BH1)

—— B_peregrina (BP4)
a3 B.kamyi (BK3)
?‘7_ B_kamyi (BK1)
R.notabilis

0.005

Figure 2: Neighbour-joining tree of 12S & 16S rDNA gene with bootstrap
support.

68— B.peregrina-BP4
74 |L_ B.peregrina-BP8
1001l B kamyi-BK1
53 — B.kamyi-BK3
B.javanica-BJ11
92 - B javanica-BJ12
B.highlandica-BH1
Rosellia notabilis

0.01
Figure 3: Neighbour-joining tree of ITS region with bootstrap support.

M & B [ 51 [6 [ [8]

B. javanica 0.004 0.017 0.019 0.013 0.017 0.017 0.106

(1l (BJ11)
B. javanica
2l (BJ12)

[3] |B. karnyi (BK3) 0.012
[4] B. karnyi (BK4) 0.013
B. highlandica

0.005 0.016 1 0.018  0.012 0.016 0.016 0.107

0.010
0.011

0.008 ' 0.017  0.005 0.005 0.117

0.003 0.019  0.006 0.006 0.120

BIRr4 0.009 | 0.007 0.010 0.011 0.017 0.017 0.113
6] B"‘Egrsg)"”a 0.012 | 0.010 | 0.005 | 0.006 0.010 0.003 0.118
7] B";E’sg)”'”a 0.008 | 0.006 0.011 | 0.012 0.009 0.011 0.117
8] 5;2‘2’/,’; 0.039 | 0.037  0.039 0.038 0.038 0.040 0.038

Table 3: (Lower left) Pairwise distance matrix of 12S &16S rDNA gene. (Upper
right) Pairwise distance matrix of ITS region.

In the interspecific variation analysis, the variations were also small
and ranging from 0.5% - 1.9%. The lowest value was obtained from the
pair of both specimens of B. peregrina & BK3 (0.5%), whilst the highest
value was from pair of BK4 & BH1 specimens (1.9%).

From the phylogenetic analysis, B. peregrina could not be separated
using 12S & 16S rDNA, but well grouped in the same clades by ITS
regions. There was also minor difference in terms of pairwise variations
analysis between 12S & 16S rDNA gene and ITS region. Interspecific
values for both genes were small and not in the ideal range to
distinguish between species. This could be because all species are in
the same subgenus (Boettcherisca) and some of it are in the same group
(peregrina-group) such as B. peregrina and B. javanica (Tan et al,
2010). However, the present study was not able to separate the species
according to the geographical location. This was concordance with the
study reported previous study [5,14,15] that the samples were grouping
into the same species regardless of the location collected.

In this study, we assessed 12S ¢ 16S rDNA and ITS region as
potential markers to identify the closely related species of forensically
important flies under subgenus of Boettcherisca (Sarcophagidae).
Phylogenetic analyses showed that there are differences between 125 &
16SrDNA and ITS region cladogram. Regardless of the low interspecific
values variation, B. javanica, B. highlandica and B. karnyi species can
be separated clearly in 12§ ¢ 16S rDNA phylogenetic analysis. The ITS
region analysis demonstrated that B. peregrina species can be grouped
in the same clade. These findings supported previous studies that there
was no single gene that could be relied on to discriminate the species of
the forensically important flies [16,19].

The use of molecular marker for identification could be more
effective if both genes were used. Future study with more specimens
from the same genus and different geographical areas could improve
the phylogenetic resolution.
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